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Summary: The described method for the turbidimetric determination of serum transferrin concentration has the
following features: the ionic strength of the medium is very low, the antiserum used is purified by the manufacturer,
25 μΐ antiserum per determination is sufficient, excess antibody or antigen has no influence.
We studied the relation between transferrin concentration and total iron binding capacity for human normal and
variant transferrins. Furthermore, our results are compared with the radial immunodiffusion technique.
Immunologische turbidimetrische Methode zur Bestimmung von Transferrin im Serum
Zusammenfassung: Die f r die Transferrinbestimmung im Serum beschriebene turbidimetrische Methode hat folgende
Charakteristika: Die lonenst rke des Mediums ist sehr gering. Das benutzte Antiserum ist vom Hersteller gereinigt,
25 /i Antiserum pro Bestimmung sind ausreichend, es gibt keinen Einflu von Antik rper- oder Antigen berschu .
Wir untersuchten die Beziehung zwischen Transferrinkonzentration und Gesamt-Eisenbindungskapazit t f r normales
Transferrin und -Varianten des Menschen. Die Ergebnisse der turbidimetrischen Methode wurden mit durch radiale
Immundiffusion erhaltenen verglichen.
Introduction
The first technique for the specific determination of
proteins in the clinical laboratory was the immuno-
precipitation technique with a turbidimetric measure-
ment of the amount of precipitate formed (1, 2). This
technique is relatively simple and requires no special
equipment. The drawbacks are the high blank value,
the large amount of antiserum and the small working
range due to the decrease in absorbance in the zone of
antigen excess.
We have studied some of the mechanisms involved in the
complex formation and developed a method for serum
transferrin determination with a low blank value and
only 25 μΐ antiserum for one determination. The zone
of antigen excess starts at concentrations of about 20 g/1
transferriii.
Materials and Methods
Reagents
Diluent: dilute 200 mmol/1 tris buffer pH 7.5 100 times with
distilled water. (Demineralised water may be used as well, but
we observed a varying turbidity in the serum dilutions, when the
conductivity of water was more than 5 μ8).
Antisera: antitransfemn antisera were from Dakopatts Copen-
hagen, Behring Werke and the Red Cross Blood Transfusion
Laboratory, Amsterdam. The Dakopatts antisera are purified
by the manufacturer by salting out and ion-exchange chromato-
graphy.
Standard: standard human serum of Behring Werke (ORDT 03).
Instrument
A Vitatron UFD photometer with mercury lamp and micro-
cuvet (100 μΐ) was used for all measurements. The cuvet was
rinsed with about 150 μΐ sample and filled with the remaining
sample for the measurement We isolated the mercury line of
365 nm with an interference filter. The Eppendorf photometer
1101Μ with cuvet 4040 can also be used.
Transferrin determination
Dilute antitransferrin Dakopatts with diluent 10 times (I);
dilute 20 μΐ serum with 3.5 ml diluent (II); mix in glass agglu-
tination tubes 100 μΐ II with 250 μΐ I; incubate 30 minutes
at room temperature, and read the absorbance of the mixture
at 365 nm in a micrpcuvet against the antiserum blank (100 μΐ
diluent and 250 μΐ I): Adeterminationiread the absorbance of
the serum dilution II against duluent: Abiank; divide this value
by 3.5 (in the determination the serum dilution II is diluted
3.5 times with solution I) and substract this from the absorbance
of the incubated mixture:
A = Adetermination
A
 blank
3.5
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Determine the concentration from a calibration curve con-
structed with various dilutions of the standard serum.
Standard curve
Make the following dilutions using the same pipets as for the
transferrin determination:
20 μΐ standard serum + 4 X 3.5 ml diluent
2 X 20 μΐ standard serum + 3 X 3.5 ml diluent
20 μΐ standard serum + 3.5 ml diluent
3 X 20 μΐ standard serum + 2 X 3.5 ml diluent.
Other methods
Total iron binding capacity was determined following Caraway
(3) with ferrozine as chromogen (4).
The radial immunodiffusion tests were done with M-Partigen
plates of Behring Werke.
Experiments
Salt concentration
In the literature various diluents are used for the dilution
of serum and antiserum: 70 mmol/Γphosphate buffer
(1), 1100 mmol/1 sodium chloride (2) and 150 mmol/1
sodium chloride (5). Figure 1 shows the effects of these
diluents and of distilled water. By decreasing the ionic
strength a very striking increase in sensitivity is obtained.
With higher salt concentrations the lower transferrin con-
centrations give no turbidity at all. With three dilutions
of tris buffer pH 7.5 (200-20-2 mrnol/1) as diluent the
same influence of salt concentration is seen. We found
that the reproducibility of turbidity was better with
2 mmol/1 tris than with distilled water. Throughout this
study we therefore used 2 mmol/1 tris buffer as diluent.
0.900 -
4 6
Transferrin [g/l]
Fig. 1. Calibration curves for various diluents:
•—· distilled water
π—α 150 mmol/1 sodium chloride
χ—χ 70 mmol/1 phosphate buffer, pH 7.5
ο—ο 1100 mmol/1 sodium chloride. .
Dakopatts antiserum was diluted 1 + 3.
Antiserum
In figure 2 we compare three antisera. The titer of the
antisera of Behring Werke and Dakopatts was higher
than that of the Red Cross. The antiserum blank of the
Dakopatts antiserum had an absorbance of about 0.060,
that of Behring Werke about 0.200. Therefore Dakopatts
antitransferrin was used in our procedure.
The amount of antiserum was determined by making
dilutions of the antiserum: figure 3. Normal· transferrin
Values should give absorbance values of about 0.300.
The dilution of the antiserum therefore was 1+10.
The zone of antigen excess starts at concentrations of
about 20 g/l transferrin. A typical standard curve is
shown in figure 4.
Using undiluted antisera practically linear calibration
curves can be obtained. The high cost of antisera and
the high antiserum blank are serious drawbacks for
this variation.
Temperature
We found only minor variations between calibration
curves produced at 4°C, 25°C and 37°C. Room
temperature ist most convenient.
Incubation time
After 30-45-60-90 minutes incubation identical
tubidities were measured. After 15 minutes the values
1.000
0.500
20 40 60
Transferrin (g/l]
ΘΟ
Fig. 2. Extended calibration curves with three different antisera,
diluted 1+7 with 2 mmol/1 tris buffer.
•—· Dakopatts
ο—ο Red Cross, Amsterdam
χ—χ Behring Werke.
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Fig. 3. Extended calibration curves with Dakopatts antiserum
diluted with 2 mmol/1 tris buffer,
ο—ο dilution 1+3
χ—χ dilution 1+7
•—· dilution 1+15.
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Fig. 4. Standard curve with Behring Werke standard human
serum as described under "standard curve".
were about 10% lower. Liz na & Hellsing (6) describe
the accelerating and enhancing action of polyethylene-
glycol on automated nephelometric protein assays.
We could not find any effect of polyethyleneglycol in
our procedure. The incubation time was set at
30 minutes and is not critical.
Effect of lipoproteins, bilirubin and hemo-
globin on the serum blank
In table 1 the effect of bilirubin and hemoglobin on the
serum blank values is illustrated. Bilirubin does not
influence the blank; hemoglobin causes high blank
values only when marked hemolysis has occurred.
In table 2 the blank values of sera with high concen-
trations of ]3-, pre-/3-lipoproteins and chylomicrons are
presented. Only chylomicrons elevate the blank values.
Normally serum blanks are very low: Abfcnk > 0.030.
Tab. 1. Influence of the addition of bilirubin and hemoglobin
Ablank
on the serum blank absorbance .
bilirubin added serum blank hemoglobin added serum blank
μιηοΐ/ΐ absorbance μηιοΐ/ΐ absorbance
0
100
200
500
0.011
0.013
0.011
0.011
0
5
10
20
0.004
0.015
0.026
0.048
Tab. 2. Serum blank absorbance
Ablank
3.5
of sera with elevated
concentrations of lipoproteins.
electrophoresis
lipoproteins elevated
cholesterol trigiycerides serum blank
mmol/1 mmol/1 absorbance
^-lipoproteins
/Mipoproteins
^•lipoproteins
^•lipoproteins
β- and pre/Mipoproteins
pre/Hipoproteins
pre/Mipoproteins
chylomicrons
chylomicrons
chylomicrons
11.0
10.1
10.0
13.4
9.7
6.7
7.5
4.9
5.4
5.1
1.6
3.9
2.3
3.3
9.0
7.6
4.8
3.0
9.4
9.4
0.011
0.007
0.003
0.006
0.014
0.009
0.006
0.022
0.055
0.071
Total iron binding capacity and transferrin
concentration
We compared the total iron binding capacity and the
transferrin concentration of 57 sera of hospital patients:
figure 5a. A good correlation was found between these
parameters. In figure 5b the same comparison is made
for 13 sera of persons having a genetic variant of trans-
ferrin. Some of the electrophoretic patterns of these
variants are shown in figure 6. THe transferrin values are
possibly somewhat higher in relation to the iron binding
capacity.
Correlation
Transferrin was measured immuno-chemically in 46
patient-sera by the radial immunodiffusion technique
(determinations were done by Miss Bernsen of Hoechst-
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Fig. 5 a. Relation between total iron binding capacity and trans-
ferrin concentration as measured with the described
method. Correlation was calculated from the data of 57
hospital patients, y = 2.2 + 23.0x; r = 0.93.
Fig. Sb.Relation between total iron binding capacity and trans-
ferrin concentration for transferrin variants. The corre-
lation line of figure 5 a is drawn for comparison.
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Transferrin (radialimmunodiffusion) [g/l]
Fig. 7. Relation between transferrin measured by turbidimetry
and radial immu no diffusion.
η = 46; y = 0.88x + 0.38; r = 0.97.
Reproducibility
The coefficient of variation calculated from the differ-
ence between duplicates is about 3%, the day to day
variation is about 5%.
α
b
c
β
application groove
Fig. 6. Agar electrophoretic patterns of two sera with variant
transferrins.
a. transferrin B-C
b. transferrin C
c. transferrin C-D
Normal transferrin is transferrin C.
Holland) and the proposed method. Both methods
were standardised with the same lot of standard human
serum. The values showed a good correlation as is seen
in figure 7. In the sub-normal region the turbidimetric
method gives higher values. In the normal and higjh
region the results are nearly the same for both methods.
Discussion
The nephelometric determination of proteins has
received new attention. Automated systems have
been developed and the conditions of antigen-antibody
reactions have been studied (7, 8, 9). These systems
demand high investments: for the measurement of in-
visible turbidity a sensitive nephelometer is needed.
In our determination we reduced the end volume of
the reaction mixture in order to reduce the amount of
antiserum although we still measure a visible turbidity
at high antiserum concentrations. The sensitivity of the
nephelometer therefore is not required as the turbidity
can be measured reproducibly in a photometer at a
wavelength of 400 nm or less. We used a photometer
with a mercury lamp. The high intensity of the 365 nm
line ensures enough light to pass through the small slit
of the microcuvet.
In,our test a visible precipitate must be formed, even at
low concentrations. We found that a very dilute salt
solution enhances the formation of this precipitate.
Possibly the poor solubility of iminunoglobulins in this
medium is responsible for this effect.
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In the clinical laboratory transferrin is determined
mainly for the investigation of iron metabolism. The
determination of total iron binding capacity therefore
is a physiological approach. However van der Heul
et al. (10) showed that the saturation of transferrin in
vitro with a large amount of iron and elimination of the
unbound iron with magnesium-carbonate is not specific.
Some other proteins were shown to bind iron under
these conditions. The authors concluded, that an
immunological method for transferrin is superior. In
our material (fig. 5 a) we find an intercept with the
y-axis of about 2 //mol/1 kon'binding capacity.
This can be caused by non-specific binding of iron by
other proteins.
l g of transferrin corresponds to 23.0 μπιοί iron binding
capacity. This is in agreement with values found by Tsung
et al. (11) for pure transferrin as calculated from a
radio-isotopic method and two colorimetric procedures:
23.3, 23.1 and 22.6 μπιοί. As transferrin has a molecular
mass of 76,000 (12) and two binding sites per molecule,
l g of transferrin must
1,000,000
correspond to X 2 = 26.3 μπιοί iron binding
76,000 *
capacity. The difference between calculated and found
conversion factors can be caused by an incomplete
removal of iron from transferrin as demonstrated by
Olsen&Hamlin(l3).
The correlation with the radial immunodiffusion
technique is rather good (fig. 7). We cannot explain
the difference between the methods at lower concen-
trations.
Possibly the turbidimetric one has a lower specificity
in this region. Differences in antiserum may also cause
the effect. Schmidt et l. (14) found similar differences
between the automated nephelometric and radial im-
munodiffusion methods, using the same antiserum for
both methods.
Standardisation of all immunological methods is difficult.
Purification of a protein may cause denaturation of some
antigenic determinants of the molecule. Therefore we
preferred standardisation with a stabilised human serum
(that is calibrated by the manufacturer by measuring
against purified transferrin in a radial immunodiffusion
technique).
For reference values we determined the transferrin con-
tent of sera of 54 men and 30 women who were appar-
ently healthy. We also calculated the corresponding iron
binding capacity. The values for women tended to be
somewhat lower (fig. 8).
The combined reference values are:
transferrin 2.3-3.8 g/1
iron binding capacity 60—100 μπκ>1/1.
In our population 1.9% has a variant transferrin of one
of the types shown in figure 6. We investigated the
100
80
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Fig. 8. Transferrin and calculated iron binding capacity values
for normal healthy men and women.
relation of the iron binding capacity and the transferrin
concentration as measured by our method to see if there
are striking differences in the determination of trans-
ferrin caused by differences in the antigen molecule.
Turnbull et al. (15) found no differences in the iron
binding capacity between normal and several variant
transferrins. Difficulties could be encountered if the
antiserum contains antibodies with lower or higher affinity
to the variant molecules. Our antiserum obviously does
not discriminate seriously between normal and variant
transferrin.
The method proposed can be used for all proteins pro-
vided that good antisera are available. Methods for hapto-
globin and the immunoglobulins are under investigation.
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